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PURPOSE: To obtain an insulating film excellent in 
dielectric breakdown strength by a method wherein the 
unpaired bonds or the uncombined bonds of silicon atoms 
are prevented from occurring in an Si substrate/insulating 
film interface of an insulating film. 

CONSTITUTION: After an Si substrate 30 is cleaned, 
nitrogen ions and/or fluorine ions are implanted into the Si 
substrate 30. Thereafter, an Si substrate 36 where ions 
have been implanted is oxidized in an oxygen gas 
atmosphere as heated in a reaction oven up to a 
temperature of 800-950°C. By this oxidation, nitrogen 
and/or fluorine atoms are primarily diffused into the oxide 
film 40 to act on the unpaired bonds or the uncombined 
bonds of Si atoms near an interface between an oxide film 
and an Si substrate for the formation of a stable Si-N bond 
or an O-N bond. 

COPYRIGHT: (C)1 993 r JPO&Japio 



1 1 1 1 




3« 




(19)B#ffl1$itfr CJ P) (12) & H} i^p fj^ ^ ^ (A) (ll)#^iUHfiBB#^: 

^^¥5 -74762 

(43)&R§B ¥$5^(1993) 3 J! 26 B 



(5i)intcL« ff f i ^*sesm 

H 0 1 L 21/316 S 8518-4M 

21/324 Z 8617-4M 



SE3£f»# *M* ffi*«0)8it3(± 5 Jt) 



(2i)ajs#^- 


!|#Sl s F3-235202 


(71)tUKA 


000000295 










(22)tH®B 


^3^0991)9^178 




SlsCISJiElfcy 1 TS 7 #12^" 








mm * 








m^«5«E^yP11TB7#12^ 














(74)ftffiA 





(54) [fgB^ro^^] IfeSKJgBlc^j* 



(57) imm 

[JUtt] S i'tt«3 OfciJHMbLfcft.- S i 
Si»«3 6&, 8 0 01C- 9 5 0 "CgJgl-jHI&L&ri* 

7j f ±t LTflMfcBU OfKttBL-C, S i *>»lfc«t/S 
£5e& S i -Ntt6*0-N&6-**JBft1-&. 



(A) 



(B) 



IZ 




-30 



SiB* 



Mil 




7 



-32 



34 



39 



34:BttFSi*« „ , ^ 



(0 



"—42 



•38 



42:ffM 



IfrfSSS^prtTN fl}E**>i£AJi^®JfiS*<0Ti&*> 

Kffcttarx£H»;*-e* ImlftftastfTo 

2 ] If 1 *iEtt^tt«KJBflt^rffi^i3v* 

T\ »E«fktt3!rx#HiR:«:^ft < t fcH* (o,) t 
* tr fc 1- & d i: t ft» fc -T *«*R»fll*tto 

[0 0 0 l ] 
[0 0 0 2 ] 

[«*a)tt*] a*3Sii«UJ: *>«SE3*l& v'J n >% 
fSM, SUMOS (Me t a I Oxide S e m 

i c o n d u c t o r) #5lftEIftTMiRBM f tEtf>T »v> 
RffcRtf*'/'- h*«RUffl^<bii* 0 fcOfritl. 0// 

r-(±|RB?^ffl|x.liri 0 0 h n-A (BIT, * > 

*SffcRrt*fflmb*i, zcoXn URJ?*»< i u 

<fc o TfiJ »0 |6j± *r Bl o r o> & 0 
[ 0 0 0 3 ] BtffcR<DJRjftli, #Jx.tf;fcj&: TVLSI 

P. 8 3 ( 1 9 8 9) J J: ft*. 

[0 0 0 4 ] ^<OXiRUBBS&tLTu»&^i£-C(±, £ 
-fx l^i:J;ot8 0 0 TC- 1 2 0 OCUlfljSUfcE 

ift* -c*« t » ■ L T «ft R * *tt* ft S * * c fc ^ J: 

or, ^-«rRffi^HftR«ra««BB*w3BflELTv*& 0 
[0 0 0 5 ] 



3-£Tv**<0-C\ Wilt 1 0 0A° £JLT<0»v*BffcR 
£B/£-f*&£\ *WRff«:«IWi--5 0**H!ft"C*o 

*<DRI«8»&fTTfca&KI±, 9 0 OtBLTUSffcia* 
fcTlfT»fl:aK«rTl7& (JttT\ CtLfcffi&gtfk&i: 

immzTifxn n-nm (bit. ztLz^mmmtfa 
[ooo6] L*Lfc**e>, fi»*fttt-ei±'>'j3>» 
•j n^^se^SMa^ u %<ntz*b^ mm 

ffi«)*fi-Cli, — ftU 1 0 0 0 < C£JL±oftia"eftR*H«t 

*oRitafr^inj±(ia*!>i^ofco 
[ooo7] ttz. znb<Dm&mt&, **afbttu 

<fc ^*L*HffcRl±-ttUtt*T-«±3fc < , 
y»j3>»ftR5Pffi^, RfcR^UR^o^Se^JSS- 

55 *£trS t -S i S i -0»£\ 0-0 

l£Wi!g/-*:S i -O-S i IS£-j&**<#tti-* 
*8fi»afc4roT^ifc«!>, * 6 * t #Snr$f£ (D i 

fco :w «t 5 UJB«$a/jKftR*. MOS8«ttlF»* 
h 7 *<?>r- hRftRt LTffifflt^S^ ±E 

-hftl. 0 // mJJJLTWfiMfflMO SSlWc h v > v 

hn>*cBfkR4iu«ALfc»^, n^UZ<D £n%-> 
•J a^K^^WfS^, S^/iS i - O-S i 

M0Sfih7>yX^Uiilt*Hlli«EO9£t(i^. frit 
[0 0 0 8] Sfc, iWJ: o ULTJKflESiLfcSffcR* 
S i - O-S itk&$0>Xn*:t&&tfmL&ZkK£ 

[0 0 0 9] ClGO^Ii, ±jasu/jt£*OlfflH*Uie* 
&**Lfct«>-cftO, Sot, ^<0*W(7)gWii, *fi|» 
R»* + Ufti:&^*5fe«:«f^*UigH-J-4R*clBt 
(B:«LTRR^)«*L/:J|^«|iR«:JBiS-cS4, ffi^fll 
»*Jtti:llftt4:ti:*4o 

[0 0 10] 

wW3fclH^J:ntf» RJS>;IFi*j-C-> 'J 3 >«T»UW 



m £ Mt i> US •) , v 'J n > OTi £ ffifrit-t Z> 16 
fc, it^ftiS^wTSttza^iiiyf? vm<r>imttzii 

P*?tr, <D 4 it >\*XMQ¥&&fe^ftT&<0$tWW.W< 

[0 0 1 1 ] Z.<r)5kW<»%m~2ktzy) , ffi L< (±, v 
3 ><0&{tBg£S i 0 2 Kt1-*W75«Av-^o 
[0 0 12] C«%^W»jS*ii«^J:tLlf, K 

[0 0 13] ft. ::-Cy'J 3 >cOTHfefcl±. y'J3> 

is-? -x m 9 * -> a- )\>m izmwft *) & i n-c * Kft 

[0014] 

fl *"X £ JH v» T TKk Sr JjD SCtUiot, TUll 

[0 0 1 5] MoT, BSft+UiiALfcJKT-WT *,SScJi?. 

t»)jii^-s„ z.<r>tztb* ztihtV&Hxtzmi- 

i -O-S i tt**OJ:Tfc*|***SsUflUBL-C, 
LfcS i -Nfe£*S i -FJMf£-*, O-NfS^-SrfM 

[0 0 16] 

[0017] mwu%wi>mMtii%i2>&mz, &m 
i o-* ism & z w- mm u -f §r-r , ^ -c c *t <b k m h 

[0 0 18] 5fe-f, r<^&W<o:frr£wiaJ8UA*mrtc, 

c <d 5& fyj * ^ m + -5 * <o 51 tt u o § w * K Si w + z „ 
[0 0 19] EL2.«i. c:w56Ww**aufflu^, 
*nwt»iSwis:is*p«rffitB&m^^^i2i-c-*-&o c<os:)£.«p 



y^p i 6 z<»?%itii&m\.zwL\itzifxm%'g 1 & 

^t- 2 0 *I£ltT*S 0 

[0020] ;«5$f i 2 rtue^*'- h 2 2 £tn l 

[0 0 2 1] BIT, ilfeiO f I2«'#B?.L 1 COgf 
[0 0 2 2] z\ff)ftWiZt3lfZ^1Mm-eii. TilfefcLT 

m&%&tiLmm*w^tzis>) ^> (s i) M30 

*f#* (Hl« (A) ) 0 

[0 0 2 3] He*fflfc^*iTv»*a3ft-f + 

To ttffli'&'f * >t, ( N) feJ:t>*7 

7* (F) oRSifclt^rhi-^WR^tt*. * 

10"(10»17*)/cm' (cmW2^) gtfc 

«3 0OSciHi7i>'bt3i?^0. l^raWti^iWM 

Tli. CW^^Jg>^WiStR3 4 ^OigA-f g 

1X10" (10<0 19*) /cm 1 (c m<T> 
3#) fc-T^o i»X^ULT»feitfcfliaflt«rHl«) 
(B) tc^-fo ^fe, :«'f^/!tX83 2po, ^ 

S iS«k#-L, Sfc, iS-ft>o«AigAS i 26^ 
Srdtf 3 6 f^-fo 

[0 0 2 4 ] g^^tAiSAS«3 6 «r, ^KkSi-t 

fttt 2 4 t L-CE*#- F22 l=«xtf£it[U^-C>i>lt 
r^tti-4 0 ^fci;, e«»0Rie*Fl 2«I14Srf| 
^, h 2 2 £K.(&*P 1 2 +lz*KiSLT, 3efiS 

i:a^tSo w<0*c^SrE12 U^L-C** 0 -tLT. K 
&1P 1 2 *JgaiK^KUK^fi^L^A f e>. cw£tS 
3 6 H>t LSfeSEftjftaSrtf i^T, ^Si4 0 t LTW 
•>•; nxoBe-fklRtStfi+So znXnlzLX&tyiitz 

[oo2 5] z.om.{ttoM\-2ktzn * w«n*«-e«±. 

jfer, S i &«3 6 fciXt4*li:. ifAHtXW 1 6 <£ 
«3RI5^ 1 2l*J'^^^*'^Sr^AL-CS i *jS3 6 

im±<nwi&frL>. axv-\ s i mm 3 6 cos:*) £ pa it 

thtztb. RfcJ? 3 1 2ff>fijjEfc, WA«±\ 4 0 0TC-8 



I- Si &fc36 **«Lfc53EaK- h 2 2 fcEEtfp 1 
2^££MUJf AL£f£, il4^Pfli:, -5eB#WL 00 
xJf, 1 O&ri^ ^®Af 1 6 j&»<bffl*fcatU8lt 

T8 0 Ot-9 5 ot:u-r^^)^4fj@T-*^ 0 ffc, d 

-To ) *fc^Rfc£5"C**:E3£«l 2*t*&ftt4# 
«x.li\ S% (0 2 ) ^r^^^A-T^o Z<DifA<D 
ifcAfiti, RCtfPl 2rt*>S«, »*LJ:-5 fc1-i»ft 
R^Rff*5*tf»ffcaj»Kjt.£-o*:* ii^rf tt^Uf 

60^>ttA13 2^)SfflU % RiPft 1 OOA 

^<7>»-e\ ^f^>iiA®3 2 0tMf|j:, ±U 
r, MS40i:MSit-6t^i:, aiJ^aKfiR^^ 

'J 3>2£|£3 4 4MI V teRJg 42k LXtm-i- 

4±U, K«MfittL"Cv>a.S i 0 J RkLt«8R4-. 
0&BT&£1iZ> (HIO (C) ) , C<OB£ffc8£ 

x-Ctf*©*© 1 6 «:*ITS2*3yxS:Rl£:^ l 2 

oa-fr-CBra^-tirr, (&2 5*0 U 

1 0 0 2 6 ] ±»Lfc^ttWw*UIR<b*i, 

[0 0 2 7] J:jSLfcHJfi«l"C-l±, i±AL/:v^>^i 

S^T-t, 1 X 1 0'" (1 06020^0 /cm 
3 (cm?>3*) k+* 0 W#*0MH1-4»-6-i;:ii, -e- 
(OfR&WkBtt: * *^T-<>, IX (10"-10l /c 



[ 0 0 2 8 ] 4 A:, ±«Lfc*ttffi|-ei±Kffc&^ t L 
TK* (0 2 ) 2fx*flBW-^ ^g^tfxoftfci) 

(N 2 0) ^«)J:^ft»*«r*tr^tffli»rtB» 
[0 0 2 9 ] 4fc, ±JELfc**«-CI±, ttttRoj&tt 

[0 0 3 0] 

M*fcJ: Vitz\±y y*t-f * >&ALT^<b& 
%wil6M7 7fgf^ ffittR*£J:^iUgR/ 

O-S ie**fcv^ofc*tt*»«LftffiL-C*364S i 
[ 0 0 3 1 ] tot, -W«^Ui.l}JgfKL^Ifi»R«: 

ft±£-tf* ;k^f^ 0 
[m®^)fiff#4gi^] 

[Hi] (A) - (C) 14, caft9JattttRfl£dc*& 
[BI2] -^«W^««R»flt*ffi<o-^tS«*ltiji1- 

l 2 : kis*3 (5*») , i4:« 

1 6 : if^mx^, i s : if*m% 

2 o : finjStt-^, 2 2S&**- h 

2 4 : ttftsw-ftift 

3 0 : *> >; n >^THfe («itcdr, s i m®L) 

3 2 : J*>mxm. 3 4 : ?s#s i 

3 6 : >f t>iiAiS«^ S i 4 o : 

4 2 : i£ffc*io 



im i ] 



V. 




A 



-30 



30: Si Wg 



till 




-32 
34 



38 



32: -ftf^SLWi 
34:HffSi«tf 
38:-<;*:>iiA*fcSiWK 




36 



42:fc»» 



[12] 



20 




12 : C«35») 



-14:S 



